INTRODUCTION
The spleen is a lymphoid organ that plays an important role in the body's defense against organisms, participation in blood filtration process, phagocytosis and immunoglobulin production [1] . The spleen is commonly injured after blunt abdominal trauma and penetrating trauma to the left upper quadrant of abdomen. By identifying immunological function of the spleen, the operation was focused on preserving it. After the success of preserving spleen in children, non-surgical approachto splenic injuries became the preferred method. However, still in severesplenic injuries, splenectomy is proposed as a treatment more common than splenorrhaphy [2] . Early and late complications after splenectomy were evaluated already in several clinical trials, but promoting knowledge in the field of late complications such as loss of function of the spleen and various infections was done only according to recent studies and based on trials comparing surgery to preserve the spleen and splenectomy [3] [4] [5] [6] .
In clinical trials, Immunoprophylaxis, chemoprophylaxis and spleen preserving surgery such as resection of the spleen and splenic autotransplantation along with informing and training patients prevented many serious complications [7] . Some studies have suggested the autotransplantation of homogenized spleen tissue. Because, preserving the spleen filtration performance while maintaining its structure is better. This issue is also discussed that given the priority of life saving the smaller pieces of transplanted tissue, regeneration of the parts is done in less time than larger pieces. Also about the site of transplantation, different locations have been investigated including greater omentum, peritoneal cavity, spleen, retroperitoneum, intraportal, abdominal muscles and under the skin of abdominal wall. Among them, the greater omentum has several advantages such as proper vascularization and possibility of blood exchange on a large area [1] . In spleen preservation method using greater omentum, the sheets of spleen named "chip" will be replaced between two layers of omentum to prevent adhesion formation [8] [9] [10] [11] .
There is no comprehensive agreement in the size of transplanted tissue in experimental studies. The results of researches suggest that the regeneration of transplanted tissue occurs in the size of 1 mm to a thickness more than 1 cm. Thicker parts are degenerated before starting the regeneration process [1] . In previous studies, it was determined that splenic chips including 10-15 percent of total splenic mass successfully survive for several months in the omentum and at the end of second months, the splenic chips will be regenerated histologically in rats in the early days [12] [13] [14] [15] . One of the important points is that various studies believe that about 25-30 percent of spleen tissue is required for a suitable replacement of function. After a high-grade splenic injury including 4 th and 5 th grades called "Shattered spleen" can be transplanted only a small part around 10-15 percent of normal spleen tissue structure [14, 15] . Therefore, this study was performed to transplant about 10-15 percent of splenic tissue and evaluate its histological effects.
MATERIALS AND METHODS

Animal Models
This experimental study was performed on rats and animal specimens prepared from Animal Research Center of Faculty of Medicine of Hamedan University of Medical Sciences (Hamedan, Iran). For this purpose, 16 male Wistar rats weighing 200-250 g were used. The animals were kept for a week in order to adapt to the environment. The animals were kept in steel cages covered with wood dust at 22-23°C temperature and 12 hours' light and dark cycle and had free access to drinking water and eating standard food. At all stages of study, all conditions of maintenance and tests on the animals were performed, based on guidelines approved by the Ethics Committee of University. After one week, the rats were randomly divided into 2 groups and were kept in separate cages; Group 1: Autotrans planted rats at 6th month=Au-6, and Group 2: Autotrans planted rats at 12th month=Au-12.
Procedure
Within one week, the rats were anesthetized by intraperitoneal injection of ketamine at a dose of 35 mg/kg and 1 mL of lidocaine 1% and then underwent surgery in clean conditions. The rats were splenectomized with a midline incision, and then splenic tissue autotransplantation was performed using Furka's splenic chip technique on the omentum. For performing Furka's method, 3 small pieces of spleen as chips after splenectomy with approximate dimensions of 2×3×4 mm were prepared and placed in normal saline solution at room temperature. After creating 3 nests on the omentum by opening its first layer, the pieces were placed between two layers of greater omentum and then fixed with PDS 0.5 threads. Before closing the abdominal cavity, 1 ml of sterile normal saline was administered intraperitoneally and then abdomen was repaired again in two layers of muscles and skin. The autotransplanted rats underwent again laparotomy and the transplanted splenic tissue was sent for pathological study.
Histopathological Examination
At first, tissue samples obtained from the omentum were put in 0.9 percent solution of sodium chloride to be isolated additional blood cells and then were dried and tissue fragments were measured by a ruler on millimeter. After initial macroscopic examination, the obtained samples were diluted in formalin and pathological preconditioning. The presence of fat tissue and fibrous at the site of adhesions and remaining tissue structure were evaluated. Splenic tissue was examined in structure rearrangement and the samples were divided to two groups; "organized" and "low or disorganized". Active lymphatic follicles consisting of germinal centers in all sections were examined. In tissue sections prepared from transplanted spleen, hemosiderin pigment and activated macrophages versus normal spleen sections were examined and compared with normal spleen, the numbers of 0 to 4 were assigned to each: 0=No, 1=low, 2=medium but less than normal, 3=high but less than normal, 4=abundant in the extent of normal tissue.
Statistical Analysis
Histological changes in splenic tissue were compared using examination of tissue slides in two groups of Au-6 and Au-12. The collected data were analyzed using SPSS-17 statistical software. The mean and standard deviation were used to describe data. For normally distributed data analysis, ANOVA was used and if the results were significant, Dunett test was used to compare two groups. The significance level for all tests was considered as 0.05.
RESULTS
In this study, 16 rats were studied in two groups. In Au-6 group, spleen tissue was detectable in all cases (100%) after laparotomy and all three pieces of transplanted tissue were identified and examined pathologically. In Au-12 group, spleen tissue was detectable in 7 cases (87.5%) after laparotomy. In the investigation of omentum, in one case, a fibrous tissue about 1 mm was found at the site of spleen transplantation that was not well known. In this group, the samples were also taken for further pathological investigation (Images 1 to 4 and Fig. 1 ).
In microscopic examination of spleen samples, presence or absence of capsule around the spleen tissue in Au-6 and Au-12 groups were studied. Presence of splenic capsule was seen in 7 cases (87.5%) in Au-6 group, and in one case, the capsule was not well known. In Au-12 group, 7 cases of splenic capsule were detected (87.5%) and only in one case, the spleen was very small and had no clear capsule. The difference between two groups in presence of capsule was not statistically significant (P=0.75) (Fig. 1) .
Spleen was organized in 3 cases (37.5%) in Au-6 group and was low organized in 5 cases (62.5%). The splenic tissue was organized in 6 cases (75%) in Au-12 group and was disorganized in one case. It was not found a significant difference between two groups in presence of organized structure of spleen (P=0.31). The revascularization in Au-6 group was occurred in 6 cases (75%). Also, in Au-12 group, revascularization was observed in 6 cases (87.5%). Fibrosis in transplanted splenic tissue in Au-6 group was found in 2 cases (25%) that had moderate fibrosis. In Au-12 group, severe fibrosis in remained splenic tissue was observed in one case (12.5%). The difference between two groups in terms of fibrosis and revascularization in splenic tissue was not statistically significant (Fig. 1) . Hemosiderin pigmentation in splenic tissue in Au-6 group was measured from 0 to 4 based on a quantitative scale compared to normal tissue. The mean hemosiderin concentrations in Au-6 and Au-12 groups were 1.50±0.75 and 2.50±0.92 mg/ml, respectively. Hemosiderin pigment in Au-12 group was significantly higher than Au-6 group (P=0.03).
The formation of lymphoid follicles in white pulp in Au-6 was observed in 4 cases (50%). In Au-12 group, formation of lymphoid follicles was observed in 6 cases (75%). The formation of red pulp in tissue sections of transplanted spleen was high in 6 cases (75%) in Au-6 group. In Au-12 group, red pulp formation was good in 7 cases (87.5%) but in one case (12.5%) was low. The difference between two groups in the formation of red pulp, white pulp and lymphoid follicles were compared that the difference between two groups was not significant (P>0.05) (Fig. 2) . 
DISCUSSION
In severe splenic trauma and hematological disorders, splenectomy is inevitable and in these cases, heterotopic autotransplantation of spleen is the only possible option to preserve spleen function, because, preserving function of splenic tissue has a great importance to maintain immunological status and defense versus organisms, especially in children [16] [17] [18] [19] .
The evidence suggests that autotransplanted tissue is degenerated and then regenerated over a period of 12 weeks. The first time in 1988, Steely introduced the optimal rate for survival and coping with streptococcal sepsis about 80 percent [20] . Of course, the amount of spleen regarding severity of trauma leading to splenectomy, is high that is not always available. The study of Marques, et al. showed that the minimum size of spleen for developing phagocytic function of macrophages in adult rats is 26 percent of total splenic tissue [1] . In this study, only about 15% of splenic tissue was autotransplanted that it was less clear than transplanted size in previous studies. However, it was shown that low volume of transplanted tissue in this study was higher and even comparable with higher splenic volumes in the formation of an organized splenic structure over a long-term follow-up. This issue when is valuable that in cases of severe splenic injury leading to splenectomy, saving even 10-15 percent of spleen tissue is often possible and in terms of time and technical aspects, transplanting this amount is possible.
It seems that according to the present study, the benefits of spleen transplantation even low volume compared to splenectomy alone is clearly evident. Some studies support this finding of present study. Braga, et al. in their study splenectomized 20 male Wistar rats that in first group, 25 percent of spleen size and in second group, 30 percent of spleen size were transplanted in the omentum and the results were evaluated macroscopically and microscopically after 8 weeks. The results showed that in both groups, white pulp by forming follicles and lymphoid tissue and the red pulp were maintained. In second group, white pulp was less organized and red pulp was hemorrhagic. Interesting result was that regeneration of autotransplanted spleen tissue in first group with lower volume was better [19] .
Several studies have been conducted on transplanted tissue. In this study, transplanted splenic tissues in all cases except one were associated with severe fibrosis and decreased volume, but in other cases, it was well known. Fibrosis of spleen tissue was detected only in 3 cases. Revascularization rates in the omentum after transplantation were high in both follow-up groups at 6 and 12 months. The percentage of proper formation of red pulp and white pulp in 12-month follow-up group in this study was higher than 6-month follow-up group. The percentage of formation of germinal centers in white pulp was also higher. However, given the small sample size in 6 and 12-month follow-up groups, the results of comparison was not statistically significant. Hemorrhagia and hemosiderin concentrations in 12-month follow-up group were significantly higher than 6-month follow-up group. In the study of Sajtos, et al., autotransplanted splenic tissue was histologically similar to normal spleen tissue. The results of this study showed that autotransplanted spleen was gradually regenerated and its function was returned relatively that it is possible to prevent complications of splenectomy [7] . This improvement in performance even after transplanting 10-15 percent of spleen tissue was observed. The main limitations of this study were the unpredictable death of samples before the end of study and impossibility of full controlling the standard conditions for keeping the animals.
CONCLUSION
The results of this study showed that autotransplanting about 15 percent of splenic tissue were associated with a high success rate in tissue structure rearrangement. There was no significant different between two 6-and 12-month follow-up groups of autotransplanted rats in made of capsule around the splenic tissue, presence of organized structure, fibrosis and revascularization. The results of this study and other studies emphasize on the importance of effort to spleen autotransplantation regarding the vision of its advantages that is particularly relevant with size of transplanted splenic tissue and maintained tissue after transplantation. The final key finding is that the histological and functional aspects of spleen autotransplantation after splenectomy were significantly preserved that can be effective in reducing the incidence of splenectomy. This study was conducted on the animals and so, further investigations should be performed on humans to confirm the results.
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